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 Factorization Breaking in Diffraction

Presented @ I

 Diffractive and Total pp Cross Sections at LHC

..goulianos_konstantin_eds09_sigma.pdf
(d  What can we Learn / Expect on Elastic and Diffractive Scattering
from the LHC Experiments? (discussion session - see K. Eggert’s talk)

.. goulianos_konstantin_eds09__ discussion.pdf
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1 Introduction
2 Diffraction at CDF: 17 PRLs / PRDs
see http://physics.rockefeller.edu/publications.html

3

FP@LHC 2009 Diffraction at CDF and cross sections at the LHC K. Goulianos



p-p Interactions

Non-diffractive: Diffractive.

Color-exchange Colorless exchange carrying
vacuum quantum hAumbers
rapidity gap

Incident hadrons Incident hadrons retain

acquire color \ ‘ I f l@ their quantum numbers

and break apart remaining colorless

| o 1
pseudo-
CONFINEMENT DECONFINEMENT

Goal: understand the QCD nature of the diffractive exchange
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1 Introduction
2 Diffraction at CDF: 17 PRLs / PRDs

see http://physics.rockefeller.edu/publications.html
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Diffraction at CDF

Elastic scattering G+1=Im f, (t=0) Total cross section

£ L. (=

¢
«— @ga OPTICAL
T N
\_— \ ="

sp || sp | SD

Single Diffraction  Double Diffraction ~ Double Pomeron  gjnje + pouble
dissociation (SD)  dissociation (DD) ~ Exchange (DPE)  piffraction (SDD)

e i 22227 44 o i o iiii z
LA AL 22l 4 La il i - &4
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Total Single Diffraction Cross Section (mb

—
=]

1

X @+ OBRuw

= 0.05
Albrow et al.
Armitage et al.
UAd

COF

E710
Cool et al./,f’

-

f Renormalized flux

540 GeV

v

1800 GeV

KG, PLB 358, 379 (1995)

Factor of ~8 (~b)
g suppression at
/s = 1800 (540) GeV

10

100

Vs (GeV)

1000

10000
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M? scaling

=> ds/dM2 independent of s over 6 orders of magnitude!

sl
o

std. and renorm. @ 14 GeV (0.01 <£<0.03)

. . N, fluxfits
renormalization =2\ b 020 Gev (w01 <6<
546 GeV (0.005 <& <0.03)
Sl _. O 1800 GeV (0.003 <& <0.03)
2 10
o) S —1 A=e] N\
1 0‘2 A=005

N\, . — 546 GeV std.
o flux prediction

W * (M 2)1+8

d?c/dtdM? . e (mb GeV™*)

o N, ™ w1800 GeV sid.
10 W, flux prediction
=> Independent of S over 6 N
orders of magnitude in M?| i e i \
KG&JM, PRD 59 (1999) 114017 \¢
-5

1 10 10 10 10 100 10°
M? (GeV?)

=>» factorization breaks down to ensure M? scaling
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Saturation / Single Diffraction

Pomeron flux
| }sg

dZGSD = j j fIP/p(t’ Eydedt =1
:g dtde =fep,t,O)-cp (58 |, x

| $ 588/2 "Yppp (t)

2¢ . .
T o |90 "8 Renormalization
i H Albrow et al. s
: ? S;n:tage et al //’/\ Standard flux ; ? 2¢ £
o O | | feptddedt ~C-s% sy =1
x comata Smin =1/ 1=
N ' (”e“’"‘a"“‘”'“" O Flux integral depends on s and s,
! 1

0 “knee” Vs-position determines s-value

/r’*“/‘//’/ where flux becomes unity =» get s,

‘knee* at 22 GeV
Q get errorin s, from error in Vs-knee

8s,/S, = -2 8sls = -4 (5Vs)s

Total Single Diffraction Cross Section (mb)
[
L

KG, PLB 358 (1995) 379

] .
10 100 1000 10000
Vs (GeV)
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Diffractive Structure Function (DSF)
Breakdown of QCD factorization

; +- CDF data
[ HA1fit3 EF'2>7 GeV N D

100f 5 - J PP—P + X
© (Q°=75GeV®)  0.035<&<0.095

F. (B)
=

1t]<1.0 GeV?
10 |
T /( same suppression
1 as in soft diffraction
L L g
Using preliminary pdf's from s
— 'H12002c,D QCD Fit (prel.) ===
0.1L ' =
' L . o
0.1 1 i
S — momentum fraction
of parton in Pomeron
FP@LHC 2009
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Total Single Diffraction Cross Section (mhb)

P e
100 . ; —
& <005 7
Sd W Albrow et al ‘_,,-"I
O Armitage et al H,,—"r\
+ UA4 /,f ,it-?:!?rd flux
® CoF ,.-‘/ g ‘:s\‘
A ET10 yd v 8 5
X Cool et al. A TSP
e Renormalized flux
10f f 1
KG, PLB 358 (1995) 379
01 O
[ [ fepte)dedt=1
Emin t=—0
"o 1;:m 1nlnn 10000

10

- ZEUS and H1 vs. CDF

® CDF
F——  H12002 . QCD Fit (prel.)
I ——  QCDfitto ZEUS 97 data

Magnitude: same suppression factor in soft and hard diffraction!

Shape of B distribution: ZEUS, H1, and Tevatron - why different slapes?
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Hard diffractive fractions

pp — (M + X) +gap

Fraction: SD/ND
@ 1800 GeV

Fraction (%)
JJ 0.75 +/-0.10

Run | W | 0.115 +/- 055
b | 062+/-0.25
T/y| 145+/-0.25

All fractions ~ 1%
(differences due to kinematics)
» ~uniform suppression

» ~| FACTORIZATION !

n—>
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Exclusive Dijet and Higgs Production

Phys. Rev. D 77, 052004

Jet

5 i
P— P
'P% DPEMC H
P P
P 2 P —_—
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Exclusive Dijet x-section vs. M.

102 B ExHUME (hadron level)
= B
- Default
! - e Derived fromm%DF
P 5'9_ 10 3 Run Il o8 (Ey™)
Q. Q B systematic uncertainty
C 1¢
L 1 —
s =
— 5—10 1 = _
S |© S G P X
102t 3.6<n,,<3.9
E 0.03<:<0.08
10-3_| T | |

20 40 60 80 100 120 140 160
M. (GeV/c?)

line: ExHUME hadron-level exclusive di-jet cross section vs. di-jet mass

points: derived from CDF excl. di-jet x-sections using ExHUME

Stat. and syst. errors are propagated from measured cross section
uncertainties using M;; distribution shapes of EXHUME generated data.
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1 Introduction
2 Diffraction at CDF: 17 PRLs / PRDs
See http://physics.rockefeller.edu/publications.html
urrent darta analyses

Diffractive dijet SF.. - under internal review
DSF inDPE............... - final stage of analysis
Diffractive W/Z.......... - under internal review
Central gaps................ - fowards internal review
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DSF from Dijets in Run Il
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* The xg-distribution of the SD/ND ratio has no strong Q* dependence
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> all three results & “first observation”

- the slope of the t-distribution is independent of Q=
FP@LHC 2009

* the t-distribution':.




Dijets - E; distributions

10° CDF Run " Prellmmary : : a CDF Run II Prellmmary

-
(=]

[= SD

(]

: : : : i : : = - SD
A [=nND g
S R B >

-= ND

Events

2 = : : : : 5 5 : : Ly
10 E_ ......... - .......... .............. .............. ............. .......... ......... NDnorm-tosp E. ND norm to SD
8 L : : : : Jet E;>5 GeV C
S AT R R e 0L Jet ET>7 GeV
0 i i =]
E 10 ; .................... + Ligpoosogiassassosanaipossasassasbasssnaonsonsfesasaasoanansfaaonsonsossasfmsasanasasoogpasasaanianso

0 20 40 60 80 100 120 140 160 180 200
4+ CDF Run Il Preliminary

DF Run II_ Preli_minary

[~ SD ®
|= ND 5
;ND nbrm fo SD w
Jet ET>20 GeV

- SD

- ND
END norm. ‘I:b SD
gJet E>50 GeV

Events

T IIIIIII‘ T \IIIHIE’

10 4 T S . % S SR SO S S 10

a
[T \IIHIIl T IIHIII| T I\IIIII| T I\IIIII| T \IIIIHO

L Ll | - \II.I_ Il B \Iilll - | - -
0 20 40 60 80 100 120 140 180 200 0 100 120 140 160 180 200

E, = (E*+ E!,?u)fz (GeV) E; = (Ef"+Ef%)i2 (GeV)

=> similar for SD and ND over 4 orders of magnitude ‘t Kinematics
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DSF from Dijets in DPE

Does QCD factorization hold for
the formation of the 2nd gap?

DPE[cAP| i | |
— W FjP

SD ‘GAP ‘

= o

stay tuned...

FP@LHC 2009 Diffraction at CDF and cross sections at the LHC

K. Goulianos

21




events

Y

Diffractive W/Z Production

- probes the quak content of the Pomeron

P
» use CAL and Roman pots to get n,,
W— &y CDF Run Il Preliminary ﬁ CDF Run |l Preliminary
-5~ RP track “o 30F W eru v <mi>=80.9+0.7
10° F -+ FP track_ﬂuj:hn § L=0.6 fb" GeV/c’
F —a— BP track, & o E & 25 -
[ B0<My<120 ;o écal _ Z T e‘n c
B 1] (= 22
mz% @ o towers \/g o
- oy v
i N . = 15
10 ¥ ND W £RPS _ oo _Ee—nv 10
: f W/soft SD - Js "
1k i overlap
R B - S w3 S S Y — 2630 60 80 100 120 140 160
log (E_,“'} reconstructed W mass (GeV/cz)
CDF (press release 2007): 80,413 +/- 48 MeV/c?
RESULTS ® :

RW (0.03 < £ <0.10, |t|<1)=[0.97 + 0.05(stat) + 0.11(syst)]%
Run I: RY =1.15+0.55 % (£<0.1) estimate 0.97+0.47 % (0.03 < £ < 0.10 & [t|<1)
RZ(0.03 < £ <0.10, |t|<1)=[0.85 * 0.20(stat) + 0.11(syst)]%

FP@LHC 2009
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Central gaps

Gap Fraction in events with a CCAL gap

@ | CDF Il Preliminary —e— MinBias
Y 1 12
= = —=— MPsMP. lats, Ef"> 2GeV/
E B R_=N__/MN —_— MPP-MF Jols, Ef"> 4Gay Jet gap Jet
o [ e et sEem
107 o, 3.5<| ™" #|<6.1
7 - CCALgap | haas P
s [ e
- 2| S =t Py e
10 s +_IT__I_ +_T_+_1i_"% _IT_-_‘T;_F T -
i I ﬁﬁ
10 |- :f
— 1 I 1 1 1 I.l 1 1 I 1 I I I=I'
0 1 2 3 4 5 7
AN= N i

The distribution of the gap fraction R =N /Ny Vs An for MinBias (CLCCLC, )
and MiniPlug jet events (MP sMP , )ofE . ,>2GeVandE >4 GeV.
The distributions are similar in shape within the uncertainties.

FP@LHC 2009 Diffraction at CDF and cross sections at the LHC K. Goulianos 23




4

1 Introduction
2 Diffraction at CDF: 17 PRLs / PRDs
see http://physics.rockefeller.edu/publications.html

3

4 Cross sections at the LHC
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..some references

http://physics.rockefeller.edu/dino/my.htmi

CDF PRD 50, 5518 (1994) o°¢ @ 1800 & 546 GeV
CDF PRD 50, 5535 (1994) oP @ 1800 & 546 GeV
CDF PRD 50, 5550 (1994) o' @ 1800 & 546 GeV
KG-PR Physics Reports 101, No.3 (1983) 169-219
Diffractive interactions of hadrons at high energies

KG-95 PLB 358, 379 (1995); Erratum: PLB 363, 268 (1995)
Renormalization of hadronic diffraction

CMG-96 PLB 389, 176 (1996)
Global fit to p*p, n* and K*p cross sections

KG-09  arXiv:0812.4464v2 [hep-ph] 26 March 2009
Pomeron intercept and slope: the QCD connection
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Standard Regge Theory

TOTAL CHOSS SECTION ELASTIC SCATTEAING (KG_95) § a(0)—1 i ¢\ ¢

BIO) ar = 1(0)52(0) [ — =ay” | — (1)
D o Pty S0 S0

: P o

 t=0 t Aa(r) -1

2 - doa _ BB s\ f

Bo Aty dt 167 50

SINGLE DIFFRACTION DISSOCIATION _ 0-%_ ._S;. 2a't F“(;) N 0.% eb.e'l.{;)f (2)

16 \ so 167 :.'

(3)
Osd
Parameters: dtd§
d sy, S and g(t) B e L g\ @O
0 sets, = s, (universal IP) 167 ¢ £a(0) 8(1)" ("g)
0 g(t) D g(0) = gpppsee KG-PR | .
O determine s, and gppp— how? = fpip(,t) o7 (s 1) 1 (4)
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Global fit to p*p, n*, K*p x-sections

CMG-96 => A new determination of the soft pomeron intercept

R.JM. Covolan', J. Montanha?, K. Goulianos*
Use standard Regge theory

wl (:) o‘l W | 1 } (a)l S pp ;PP

I o st O INPUT

L * 70k ke ol 3 -

8 2

; -0zf ® Ry ::ggfu ] O.'ffa - 0.68 + 0.82!
® + - UM & UM/2

P! PP

p. 04 o 'wfz = s 19:1_ 1c;3 10:3 aW/P - 0.46 + 0.92 t

T
() DPp ©pp

ap = 0.25 GeV 2

3 p
b
. 0 - CDF
L O RESULTS
o S |
) e o = 1.104 £0.002, aflk = 1.122 4 0.002
E_ P +
¢ o0 ah P =16.79 5%1% 4. 60.81 5703 131,68 570
E -7

N\ J
. Y
= Tevatron Hpa-
e et @gl'g'bD

Vs (GeV) Vs (Gev) Vs (GeV)
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o' at LHC from global fit

LHC !

Born > 7

150 1— o - AKENG
" + = PLY'S EYE

=)
g; 100 — o T
3 . 4
= .
LW —
. PP i
Fl F] :;j:ljp] r 1 J]j.lj]l 1 1 ]Jj11|| L i I 1 F
100 1ol 10% 103 10% 105
A= (GeV)

o
*%* 5@ LHCs=14 TeV: 122 + 5mb Born, 114 + 5 mb eikonal
=>» error estimated from the error in € given in CMG-96

Compare with SUPERBALL G(14 TeV) =113+ 6 mb

caveat: s,=1 GeV? was used in global fit!
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Unitarity and Renormalization

Pomeron flux

&
'S

d”ogp B |
:g dtd& =Tpp(L, §) - Opp_ (SS)

| 1 568/2 "Uppp (t)

Pomeron-proton x-section

d Two free parameters: s, and gppp
0 Obtain product [gppp*Sy’? [from ogp

d Renormalized Pomeron flux determines s,
d Get unique solution for gppp
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The value of s,- limited edition

shape of Regge S%¢ shape of renormalized oSP

"Knee" at 22 GeV CDF

g » use CDF points to fix the level of renormalized curve
E396 || » use E396 points to fix the level of the Regge curve
» both curves are somewhat high in this plot
=»adjusting height leads to the same “knee” position

1 e —

d = — Y WUV S N 8 A

10 100 1000
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The value of s, - a bird's-eye view

10:

— " Albrow ISR 23.3 26.9

"knee" at 22 GeV

Vs (GeV)
Cool [KG] FNAL 14 20

0o Armitage ISR 23.3 274

=>» error in knee position: = 1 GeV

‘knee” @ 22+1GeV = s,=1%0.2GeV

10

100

=>riple-Pomeron coupling:
Uppe () =0.69 Mb"*=1.1GeV™" KG-95

FP@LHC 2009
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c'sp and ratio of a'/e

[ 5% Y

16?1_ JG ;'T\#'T(S) (ﬂf?)l _I_ = ¢

d*o (s, M2, t)
dM2dt

- ebo Qe
§ 3,00 lgﬂ’fﬁ . ﬂ_ﬂjp] In s Ebt, (13)

Tl
8§ — 00 5 Py € b -
T = 207 exp |55 = 0l= (14)
JC{PP = Bppp(0) - g(t) = e o0 D 75
K= NJ}: n f CTEQSL> Y ) )
v v 7 = 0%

_[]_6 TR?]_ ]ﬂ(gﬁ_}]_l Fpheno = 39 +04 (GEV/’C) —2

=t

rerp = 0.25 (GeV/c) 72 /0.08 = 3.13 (GeV /c) 2
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Total Cross Section at LHC

O Froissart bound Ggiz.mzs (s in GeV?)
m

Q Form?=m2 2 n/m?2~10*mb - large!
Q If m? = s, = (mass)? of a large SUPERglueBALL, the bound can be
reached at a much lower s-value, s,

> o(s>s.)= G(SF)-i-— In“ —
0 Determine sg and s, from 5P So Sk

5 S

O Show that Vs. < 1.8 TeV

O Show that at Vs = 1.8 TeV Reggeon contributions are negligible

LHC
O Get cross section at the LHC as |g'*¢ _cf8%§+ Lmz S _|n2>3 j
S, Sp S
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The SUPERBALL cross-section

Tt 2
O Froissart bound c =< e -In“s

A Valid above “knee” at Vs = 22 GeV and therefore at Vs = 1.8 TeV
O Use superball mass:
2 m? =5, = (11£0.2) GeV?

O At s 1.8 TeV Reggeon contributions are negligible (see global fit)

S §CDF
LHC CDF 2 2
G14000 = O1800 - s 1 In —In

0

- - j =(80.03£2.24)+(39+6)=119+6 mb
F F

=» compatible with CGM-96 global fit result of 114 £ 5 mb (see next slides)
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The Roman-Pot Detectors at CDF

Concegt of a Roman Pot . In the Tevatron Tunnel

vacuum J fiducial area CDF had three Roman pots (RP1, RP2, RP
/ of detector located 57m downstream of the interg
= ] Brree along the antiproton beam directig
g_ They were used to detect antipj
“oot” B ; bellows: underwent a “diffractive” integ
(not under expanded contracted scattered in a direction v
vacuum) —pot out —potin original beam.

—

beampipe

motor to drive
bellows bellows —%=

o detector
inside of goes
pot inside pot

Roman-Pot Detector Design — by The Rockefeller Univerg

Va

Top View R
X detector i
\

Y detector
/ AN
Pipe center

.

The three Roman pots each ( Reconstructed track

contain detectors consisting of: A bunch of fibers
EEI;D 1111
|

L1 e

Trigger scintillator |
W i

« Trigger scintillation counter |
2.1x2.1x0.8 cm®

¢ 40 X + 40 Y fiber readout
channels

14.8cm Diameter Vessel

- Each consists of 4
(— bigger signal)
clad scintillating fibers
0.8x0.8 mm? (new
technology at the time)

- X,Y each have 2 rows of 20
fibers spaced 1/3 fiber width
apart for improved position
resolution (three times better
than with a single row)

thsics Using the Roman-Pot Detectors . Path of the Antiproton through the Tevatron Magnets
° e oman—pot In elastic scattering, both the In single diffraction, the (anti)proton In double pomeron orrector

Trigger PMT

Side View

 0Amm steel wall

W
X fibers  Detection area 2.1x2.1 mm
/

- : Scintillating fiber
(KURARAY SCSF&81 single clad) T

TaMAPMT

Pipe center

Expected position resolution 80 pm
Expected angle resolution 60 prad

. oscape: . ' « Dipole magnets bend recoil ) used for fine

detectors are used to e o drceion ey cose 10 Vhete 1 can bocecied mhe.  Towand aniproan, bt oL ‘t)- ‘ J hich have lost dipoles and g e bean

study diffractive the beam direction Roman pots the proton antiprotons wnic ave _05 . skew quad orbit z(m)

interactions _ _ _ P momentum towards the inside of e @ A0 S0 -0 e o

P P P P P the Tevatron ring, into the Roman ~ _ o vs cOF
« Elastic scattering was [3 ots p beam
: P P p

measured by CDF in ¥ - « Knowledge of the beam optics, the i ; ; ;’ Y % # # G E %@:

1988-1989 using Ofrypical interaciions O Elasic scattering O oifiraction: gap betwee O oPE: gap in both collision vertex position, and the RF D o D Q@ HS vs @ a a 20

Roman pots (not those stuiled»a{ CF;)thamc\ ;mhlng in the central :Jamc\z production and 'uvwalrd regc\'uns and i N ; K it d | 321

described here) in both 522&:‘5;:% ills the n letector N orward antiproton n ;;::‘tlnvceznpr uction in n f';\n Iproton track position ana angle dipoles electrostatic low-beta

the proton and Non-Diffractive Elastic Scattering Single Diffractive Double Pomeron in the Roman-pot detectors are bend the beams arand  Separators - quadrupoles

“yroton direction Exchange used to reconstruct the kinematics the i e GIEEINS epare the proton focus e beams a the

of the diffractive antiproton Roman pots and antiproton CDF interaction point

beams




Gap survival probability

i © CDF: one-gap/no-gap o o

A  CDF: two-gap/one-gap _ n / N
g - Regge prediction e S —

< 1 o 9

c [— Renorm-gap prediction .- -7 ] /

-% ' - U n
E aw - .

o

]

o

L-9a/0-02 (1800 GeV) = 0.23

2—gap/l-gap

1-gap/0-gap (630 Ge\/) ~ (.29

2—gap/l-gap

J J - 3
10° 107
sub-energy Vs (GeV)
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CDF and DO Detectors
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Figure 1: The CDF and DO detectors in Run II
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